In-use testing of disinfectants is necessary to ensure efficacy over time. The current official procedure for testing disinfectants, the Association of Official Analytical Chemists (AOAC) use-dilution method, cannot be adapted to repeated sampling techniques of use-life testing. It is therefore necessary to use an alternative method when evaluating the activity of a disinfectant under actual use. The Clinical Research Associates (CRA) suspension method was developed to fill this need. It consists of adding 0.5 ml of a standard culture to 5.0 ml of test disinfectant and sampling the mixture after 10 min for surviving bacteria. When this test was compared with the AOAC use-dilution method under a simulated use situation, the two methods were generally equivalent in identifying disinfectant inactivation. In addition, the CRA method was less time consuming, easier to perform, and less variable than the AOAC method. Use of the CRA method in a clinical study demonstrated the need for reuse claims to be based on clinical use studies rather than on laboratory testing only.
Reuse of chemical disinfectants for periods ranging from days to weeks has been a routine practice throughout the health care industry of the world. Many disinfectants, however, were never intended for prolonged, repeated use, and they lose their ability to inactivate microorganisms after a short time (5) . Because clinicians have no way to assess the potency of a disinfectant, they unwittingly use solutions which may have little or no antimicrobial activity. This practice has important implications to the well being of large numbers of people who are treated daily in hospitals and outpatient medical and dental facilities, as well as the clinical personnel performing the treatment.
In actual clinical use, chemical disinfectants are subjected to many conditions that challenge their antimicrobial stability. Some of these include dilution, age, and contamination with chemicals and organic matter (6, 9, 15) . While many of the clinical challenges can be mimicked in laboratory testing, the true nature of many other potential inactivators can only be surmised. Dental office environments offer a particular problem owing to the broad range of possible contaminants contained in the large number of dental materials used routinely (i.e., resin polymers, glass filters, metal alloys, viscosity modifiers, etc.).
These facts reinforce the need for reliable disinfectant efficacy testing. Many evaluation methods exist (4) . Most of these, however, are designed to test only the initial activity of an unused product. Although new Environmental Protection Agency criteria now specify that documentation must be provided by vendors if reuse claims are made, an accepted, standardized protocol has not been specified. Test protocols used currently may not reflect clinical reality since stressing agents are limited to microorganisms and proteins (8, 11) .
A method is needed that will permit field testing of commercial disinfectants to establish reliable reuse recommendations and substantiate reuse claims of manufacturers (16) The disinfectants were challenged by the addition of 10 ml of whole human blood at the end of each working day (5 days per week) for 4 weeks. Twice a week, in the morning, each disinfectant was sampled. This involved the removal of 1,800 ml for AOAC testing (3 organisms x 60 replicates x 10 ml per tube) and 45 ml for the CRA method (3 organisms x 3 replicates x 5 ml per tube). AOAC use-dilution and CRA suspension tests were performed on each sample. The disinfectant from the AOAC tubes was returned to the batch after testing (5); even so, approximately 175 ml of each disinfectant was lost each sampling day owing to the two assay procedures. This loss was taken into consideration when the percentage of blood in each disinfectant was computed for each sampling day.
AOAC use-dilution method. The standard test employing organisms dried onto stainless-steel penicylinders was used (2) . Each disinfectant sample was tested against 60 carriers prepared from each of the three standard organisms listed above (180 total). The carriers were coated with suspensions prepared by daily transfers as specified by the AOAC. All transfers were performed in a 20°C water bath. A secondary subculture was performed on each carrier (as recommended by the AOAC when disinfectant residual effects are suspected). Both subcultures were incubated at 37°C for 48 h. Growth in either tube was scored as a positive for that corresponds to an increase in the number of positive tubes and also represents a lower activity. A downward trend in any line represents a loss of antimicrobial activity for a particular disinfectant-method-organism combination.
Figures 1 and 2 demonstrate the antimicrobial activity of the acid glutaraldehyde (1:4) and alkaline glutaraldehyde (undiluted), respectively. Neither solution showed significant inactivation over time when subjected to the organic loading. Both the CRA and AOAC methods predicted good disinfectant activity against all three organisms up through 24 days and showed that the two solutions were not affected substantially by the addition of blood (6.3%).
The performance of the glutaraldehyde-phenol (1:16) is shown in Fig. 3 . This preparation was affected noticeably by organic stress. Both the CRA and AOAC methods indicated a sharp decline in effectiveness after the blood reached a concentration of about 3.2%. However, some organismmethod differences were apparent. The AOAC method showed the day 17 solution to be effective against S. choleraesuis, whereas the CRA method indicated that this same solution was almost completely ineffective against this organism. Conversely, the CRA method indicated the day 17 solution to have some activity against S. aureus; however, the AOAC method showed little activity. Figure 4 shows the performance of the phenolic preparation. This solution lost activity against S. aureus only. The AOAC method showed an earlier inactivation which was more erratic than that depicted by the CRA method; however, both identified the ineffectiveness of the solution against S. aureus after day 17 (4.3% blood). Adequate activity against the other two test organisms was detected equally by both methods. Figure 5 indicates the activity of the quat diluted in deionized water. This solution showed inactivation over time with respect to S. aureus and P. aeruginosa. Neither method indicated any substantial loss of activity against S. choleraesuis. The CRA method depicted a more pronounced inactivation over time than the AOAC method, especially against S. aureus.
The activity of the quat diluted with tap water is shown in Fig. 6 . This preparation exhibited a pattern of effectiveness much different from that of the quat diluted with deionized water. The early lack of activity against P. aeruginosa was similarly detected by both the CRA and AOAC methods; however, a steady decline in effectiveness against the other two organisms is more clearly represented by the CRA data.
A condensation of methods comparison data allows an easier interpretation of the results. When the data from each method were averaged across the three organisms used, eight values (one for each sample day) for each disinfectantmethod combination were obtained. A correlation analysis of this data produced a Pearson product moment of 0.91, indicating a strong agreement between the two methods.
When the data were further collapsed across disinfectants, a single line for each method was produced (Fig. 7 ). This overall comparison shows that disinfectant activity is predicted equivalently by both the CRA and AOAC methods.
Comparison of method variability. Table 2 shows the coefficients of variation for each disinfectant-method combination. The CRA coefficients were consistently smaller than those of the AOAC method. The AOAC coefficients for the acid and alkaline glutaraldehyde solutions could not be estimated reliably because of the small numbers of positive tubes obtained with these solutions. This did not prevent the assessment of the overall coefficient of variation for the AOAC method, which was almost six times greater than that of the CRA method.
Clinical comparison. Figure 8 shows how three glutaraldehyde-based disinfectants performed under actual clinical use, as monitored by the CRA suspension method. The acid (1:4) and alkaline (undiluted) glutaraldchyde solutions remained effective for nearly the entire sampling period. The glutaraldehyde-phenol (1:16) preparation, however, steadily lost activity after the eighth day of use. The unused control solutions from all disinfectants showed full effectiveness throughout the 36-day sampling period. inappropriate for the AOAC method, such as testing a disinfectant over time as it undergoes clinical use. This validation was accomplished by comparing the log reduction curve from the CRA suspension method with the plot of negative tubes from the AOAC use-dilution method.
DISCUSSION
The ideal disinfectant for comparing these two methods is one which exhibits a linear deterioration over time. The solution that most nearly fit this pattern was the glutaraldehyde-phenol (Fig. 3) . This disinfectant had a high initial activity, lost activity through the course of the test period, and exhibited low activity at the end of the study. The shapes of the CRA and AOAC curves for this solution are very similar, indicating a general agreement between the two methods.
A closer inspection of these curves, however, reveals an inversion of the S. aureus and S. choleraesuis lines. This is presumed to be due to a fundamental difference between the methods. The AOAC method requires drying of organisms; the CRA method does not. Our experience with environmental surface disinfection procedures, in which dried test organisms are used, has confirmed the well-established fact that most gram-positive organisms survive desiccation better than gram-negative organisms. The number of viable S. aureus organisms is almost 1,000 times greater than that of S. choleraesuis when these two organisms are dried under identical conditions (unpublished data, Clinical Research Associates). This disparity could be responsible for most of the organism-related differences observed between the two methods.
Since these microorganism differences were method dependent it was necessary to average the data across organisms to compare the two methods more accurately. When this was done, the CRA and AOAC methods were highly correlated (Pearson product moment = 0.91). A further compaction of the data across disinfectants produced the lines in Fig. 7 . This graph shows the CRA values to be slightly lower than those of the AOAC method, suggesting that the AOAC method is slightly more restrictive. It also shows that the two lines follow each other quite closely, indicating that disinfectant activity is equivalently predicted by both methods. Figure 7 was constructed by equating a CRA log reduction greater than or equal to 8 with 60 negative AOAC tubes. These numbers represent the maximum achievable values of each method. The concept of log reduction used here as a quantitative measure of disinfectant efficacy has been used by other investigators (14, 17) . The minimum acceptable log reductions for several standard methods were summarized by Reybrouck (12) . A value between 5 and 6 is representative of most suspension tests. A log reduction of 6 was the suggested minimum in a clinical study by Christensen et al. (3) . However, a log reduction of 8 was established as the minimum acceptable level for the CRA suspension method to come as close as possible to the pass-fail criterion of the AOAC use-dilution method (Fig. 7) . Therefore, any disin- Although the CRA and AOAC methods have similar predictive abilities, the AOAC use-dilution method has the major disadvantage of being highly variable (1, 8 A comparison of disinfectants with respect to their inactivation over time was not the primary intent of this study. However, some interesting differences between solutions were apparent. The glutaraldehydes are known for their ability to continue to disinfect in the presence of high levels of organic contamination (7, 10) . Our study confirmed this point. Neither the acid (1:4) nor alkaline (undiluted) glutaraldehyde solution showed any significant inactivation owing to organic load during the study. Even at the minimal concentration of 0.5% active ingredient, the acid glutaraldehyde solution remained effective under the stress of 6.3% human blood and exposure to 1,260 organism-coated penicylinders. The other four solutions experienced some degree of inactivation. The phenolic solution lost activity against S. 
